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Abstract 
Symmetry exists widely in the real world and plays a remarkable role in perception problems. The existing symmetry 
detection algorithms are mainly based on luminance or gradient information. Upon analyzing the relationship 
between symmetry and phase, based on phase congruency, we propose a phase-based symmetry detection (PSD) 
algorithm. PSD is calculated based on log Gabor wavelet. We test it with fundus image and the experiments show 
that this algorithm can be applied directly to original images without segmentation. 
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1. Introduction 
Symmetry plays a remarkable role in perception problems. For example, peaks of brain activity are 
measured correspondence with visual pattern showing symmetry. Symmetry is one of the shape features 
that are often used in object recognition. Symmetry is so important to our perception that most of the man-
made objects are symmetric. Psychologists think that symmetry is the fundamental elements of 
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perception. Since its ubiquity, the symmetry detection is of obvious significance for understanding and 
interpreting the natural images. Symmetry detection and application have become the important part of 
computer vision. 
The more symmetric a piece of region is, the more easily it is recognized as a figure [1]. Symmetry is 
essentially a kind of formula. An application of this formula is, in martial disguise, using various colours 
and shapes to change the object's original pattern. 
Two familiar symmetry types are bilateral symmetry and rotational symmetry. There is another type of 
symmetry, which is curve symmetry. They are illustrated in Fig. 1. 
Fig.1. Three type of symmetry: (a) bilateral symmetry, (b) rotational 
symmetry, and (c) curve symmetry 
(a)                                       (b)                                   (c) 
Most of the existing symmetry detectors are using the image brightness or gradient information. A 
fundamental limitation is that they require objects to be segmented prior to any symmetry analysis. Mara 
and Owens [2] converts the symmetry detection to eigenvalue discompose of covariance matrix and 
requires that symmetric axis of the object must be same as the axis of binary image. Thai [3] represents 
symmetry by complex moment from power spectrum. Sun and Si [4,5] uses orientation histograms and 
gradient information for symmetry detection. The objection of Reisfeld et al. [6] is that it depends on the 
contrast in addition to its geometric shape. Kovesi [7] studies the symmetry detection using phase 
information and gained some helpful results. But the test results contain the symmetry both of objects and 
their background. This is obvious not expected. 
In sum, most of existing symmetry detectors mainly have three problems. Firstly, they are designed 
aim at the images containing only one object. A fundamental weakness in most is that they require objects 
to be segmented prior to any symmetry analysis. Secondly, they primarily use gradient information of 
image; however, this is not consistent with human vision system characteristics. A bright circle will be 
considered to be more "symmetric" than a low contrast one. Finally, they are usually effective only for 
one or two type symmetries, such as bilateral or/and rotational symmetry, that is, they are not general. 
A new symmetry detection algorithm — phase-based symmetry detection (PSD) algorithm — is
presented in this paper. 
2. Feasibility of Symmetry Detection by Phase Information 
An important aspect of symmetry is the periodicity that it implies in the structure of the object. 
Accordingly it is perhaps natural that one should use a frequency-based approach in symmetry analysis. 
Indeed, an inspection of the Fourier series of some simple functions makes this very apparent. At points of 
symmetry, we find readily identifiable patterns of phase. Figure 2 shows the Fourier series of both a 
square and a triangular wave. Phase congruency and local energy model [7] use the fact that all sinusoidal 
waves are in phase at the step points of square wave to detect edges. We can see that the symmetric axis 
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corresponds to the point where all the frequency components are at either the minimum or maximum 
points in their cycles, that is, where all the frequency components are at the most symmetric points in their 
cycles (the mid-point of the square wave and the peaks/troughs of the triangular wave). So, it is feasibility 
to detect symmetry using phase information. 
Fig. 2. Fourier expansion 
3. Phase-based Symmetry Detection 
It should be noted that this paper only considers local symmetry of intensity values in images, that is, a 
low-level view of symmetry. Overall geometric symmetries that might exist in the image are not 
considered. 
3.1. Background 
Consider 1-dimensional signal. The Fourier series expansion of a signal, I(x), is 
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the phase offset of the nth component. The function φn(x) represents the local phase of the Fourier 
component at position x. Then, phase congruency and local energy [7] are defined as 
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respectively, where H(x) is the Hilbert transform of I(x). 
Xiao [8] provides the improved local energy model—SLE (Symmetry Local Energy) and gives its 
definition.  
Definition 1: The Symmetry Local Energy (SLE) maps a pixel, p, an orientation, o, and a scale, n, to a 
energy value, , and a symmetry phase, )( pLE
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（2） The phases are congruent: phase of p is same in all orientations and scales, 
（3） )( pLE
ijon  is the max value. 
2807Zhitao Xiao et al. / Procedia Engineering 15 (2011) 2804 – 28084 Zhit1o Xiao ，et al/ Procedia Engineering 00 (2011) 000–000 
)( p
ijon
Otherwise SLE(p,n,o)=0. 
3.2. PSD: Phase-based symmetry Detector 
We use log Gabor wavelet [9] as the tool for symmetry analysis. At the points of symmetry, the 
absolute value of even-symmetric filter outputs will be large and the absolute value of odd-symmetric 
filter outputs will be small. Therefore, here the energy is absolute value of the difference of even-
symmetric filter and odd-symmetric filter. Considering the relationships between symmetry and phase 
synchronously, we can get the following definition. 
Definition 2: Phase-based Symmetry Detector (PSD) maps a pixel, p, an orientation, o, and a scale, n,
to a phase congruency value, symPC(p), and a symmetry phase, φ ,
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same time, and all the following conditions should be met: 
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congruent under all scales and orientations and phase is zero. 
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is congruent. 
（3） ε   is a small positive constant to avoid division by zero. 
4. Experimental Results 
It should be emphasized that all the test results about PSD given in this paper are obtained using the 
constant parameters throughout, not only for the test images (Fig.3), but also the natural images(Fig.4). 
(1) PSD can be applied directly to the original images without any pre-knowledge and any pre-
processing, such as segmentation. However, the traditional detectors would require segmentation. 
(2) It is invariant to rotation, brightness and contrast. 
(3) It can detect bilateral symmetry, rotational symmetry and curve symmetry at the same time, that 
is, it is a fairly general detector.  
5. Conclusions 
The feasibility of using phase information for symmetry detection is analyzed. Then, the phase-based 
symmetry detection algorithm (PSD) is given. Finally, the PSD performance is illustrated by experiments. 
The test results show that this algorithm can be applied directly to original images, not requiring any pre-
knowledge and any pre-processing, such as segmentation; it is invariant to rotation, brightness and 
contrast; it can detect bilateral symmetry, rotational symmetry and curve symmetry at the same time. 
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Fig. 3.  Test results of PSD 
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Fig. 4  Experiment results of PSD for DR fundus images 
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